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ABSTRACT 

One of the most impactful ways that simulation is used in the physical sciences is to apply relatively simple 
rules to really large data states, e.g., to simulate the evolution of star position and mass in galaxies, or to 

track the interaction of many molecules in simulations supporting drug design.  When data sets become 

very very large the computations are organized to execute on specialized computing hardware, and models 

that operate on domain-specific abstractions of the data are developed. Modeling and simulation can (and 
is) being used in very large discrete systems (e.g., logical behavior of computer chips) and, philosophically, 

very large models can be simulated using specialized hardware, specialized data abstractions, 

and specialized algorithms applied to them. However there are important differences between these and 
physical models, due to the fact that the foundational rules of discrete models are often complex whereas 

the foundational rules for physical systems are comparatively simpler physical laws. This talk outlines some 

of the challenges I’ve faced in modeling and simulating of gargantuan discrete models, and application 
domains that give rise to them such as the global Internet, cyber-security of critical infrastructures, and risk 

assessment of cyber-physical systems.  
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